Introduction 1
The latest report by the World Cancer Research Fund and the American Institute 2 of Cancer Research concluded that there is convincing evidence that adult obesity and 3 adult attained height are risk factors for colorectal cancer (1) . It is known that childhood 4 and adolescence obesity in the US and worldwide pose a major public health problem 5 through immediate and long-term adverse health outcomes such as insulin resistance, 6
early-onset type 2 diabetes mellitus, hypertension, and hyperlipidemia (2, 3) . However, 7 the impact of early life obesity on cancer risk later in life is less well studied (4, 5) . Early 8 life obesity is associated with alterations in basal insulin levels (6) , which might 9 influence early steps in carcinogenesis, as there is evidence that the positive association 10 between obesity and colorectal cancer is at least in part explainable by high circulating 11 insulin concentrations (7) . Studies of body fatness during early life in relation to risk of 12 colorectal cancer are scarce, and are often limited with regard to statistical power or the 13 ability to adjust for potential confounders (8) (9) (10) (11) (12) (13) (14) (15) . To our knowledge, no study has 14 related early life body fatness to the occurrence of colorectal adenoma, a precursor for 15 colorectal cancer (16) . Adult attained height may reflect exposure to insulin-like growth 16 factor 1 (IGF-1) during the growth period (17) and has been positively associated with 17 colorectal cancer (18) (19) (20) . 18 
19
The aim of this study was to prospectively investigate the association between 20 adult height and body fatness during early life in relation to risk of colorectal adenoma 21
in a large cohort of US women. 
Material and Methods 1 Study population 2
The Nurses' Health Study II is a prospective cohort including 116,671 female 3 registered nurses aged between 25 and 42 years (96% premenopausal) when they 4 responded to a mailed questionnaire inquiring about life style factors and medical 5 history in 1989. Every two years thereafter, participants were mailed follow-up 6 questionnaires to update risk factors for diseases as well as to ascertain newly diagnosed 7 diseases. In 1991 and every four years thereafter a validated semiquantitative food 8 frequency questionnaire (FFQ) was also mailed to the participants (21) . Follow-up rate 9
for each 2-year cycle has been approximately 90%. considerably by type of lower bowel endoscopy. However, women who never had a 8 colonoscopy were less likely to be current smokers and to report a family history of 9 colorectal cancer , and more likely to report routine screening as a reason for endoscopy. 10 The proportion of proximal adenomas observed in our study (45%) exceeds those 11 observed in other colonoscopy-based studies (25, 26) , providing further support that 12 most lower bowel endoscopies in our cohort were colonoscopies. Therefore, we also 13 included proximal adenoma as an outcome and all statistical models were adjusted for 14 family history of colorectal cancer, reason for endoscopy and smoking (see below). 15 16 
17

Statistical analysis 18
We examined associations between adult height and body fatness at ages 5, 10 19 and 20 years and risk of colorectal adenoma using multivariable logistic regression 20 calculating odds ratios (OR) to approximate relative risks. Because of limited numbers 21 in the higher body fatness categories (27) , we categorized the 9-level figure drawings categories (#1, #2, #3, #4, #5 or higher) for analyses of adenoma subtypes. In addition to 1 the models using categories of height and early life body shape, we computed ORs for a 2 2-inch increment in adult height and for a 1-unit increment in body fatness at each age. 3
Tests for trend were performed by including height or body fatness at each age (values 1 4 to 9) as a continuous variable into the models. We also investigated the association between height and early life body shape 5 and colorectal adenoma classified by location (proximal, distal, rectal adenoma), stage 6 (early, advanced adenoma) or age at diagnosis (<50 years, ≥ 50 years). We formally 7 compared associations by adenoma subtypes using polytomous logistic regression 8 models (28) . 9 10 To evaluate whether the association between height or body fatness during early 11 life and colorectal adenoma differed by number of endoscopies during follow-up, we 12 investigated whether associations changed when analyses were restricted to participants 13 who had reported only one endoscopy during follow-up (n=16,807). 14 
15
To investigate whether associations between body fatness at young ages and 16 colorectal adenoma were independent of adult body shape we also adjusted for adult 17 body mass index (BMI) (calculated as average BMI using information on BMI from all 18 available follow-up questionnaires up to the start of the 2-year interval before the most 19 recent endoscopy), waist to hip ratio (WHR) (available for a subset, i.e. n=17,045) and 20 waist circumference (n=17,111). We examined the joint effect of early life body shape 21 and adult BMI or height by cross-classifying participants by both variables. stratification by birth weight, physical activity, age at menarche, and family history of 1 colorectal cancer (CRC). We tested for statistical interaction by adding a cross-product 2 term of the body shape variable and the respective stratification variable to a model 3 along with the main effects of body shape and stratification variable. 4 
5
All statistical tests were two-sided. A p-value <0.05 was considered statistically 6 significant. All statistical analyses were performed using SAS software package, version Current smoking at baseline was more frequent among women in the highest 3 body fatness category (body shape # 6 or higher) at ages 5, 10 and 20 years than among 4 women in the leanest body shape category (#1), but the percentage of current smokers 5 did not differ between women who were of small stature vs. those of tall stature ( Table  6 1). BMI at baseline as well as BMI at age 18 years was higher among participants who 7 reported higher body fatness at ages 5, 10 or 20 years than among those who reported 8 lean body shapes at these ages. Other baseline characteristics including menopausal 9 status at baseline, family history of colorectal cancer, reason for most recent endoscopy 10 as well as aspirin use did not differ appreciably according to adult height or body shapes 11 at ages 5, 10 or 20 years. 12
Higher adult height was significantly associated with higher risk of colorectal 13 adenoma (Table 2) with each 2-inch increment in height corresponding to a 5% increase 14 in risk of colorectal adenoma. We observed a significant positive association between 15 higher body fatness at age 5 years and risk of colorectal adenoma. Women who were in 16 the highest body fatness category at the age of 5 years had a 44% greater risk for 17 colorectal adenoma compared to women who were lean at age 5 years. There was a 18 positive association between body shape at age 10 years and risk of colorectal adenoma 19 However, after adjustment for current BMI, the p-value for trend relating body fatness at 1 age 10 years to risk of colorectal adenoma was no longer significant (p=0.16). 
Adult height and body fatness at ages 5 and 10 years were positively associated 1 with risk of distal adenoma, but not with proximal or rectal adenoma (Table 3) . We 2 observed statistically significant differences in the associations between adult height and 3 risks of distal versus proximal adenoma (p difference : 0.002). None of the other site-specific 4 associations showed significant differences. Body shape at age 20 years was non-5 significantly positively associated with risk of distal adenoma (data not shown). The positive associations between height, body shape at age 5 and 10 years and 4 risk of total, distal, early and advanced adenoma were slightly stronger when the study 5 population was restricted to women who had only one endoscopy during follow-up (data 6 not shown). 7
8
When we examined joint effects of body shape at age 5 years and adult height, 9
participants with a combination of tall stature and body shape of ≥5 at the age of 5 years 10 had an 75% increased risk of developing colorectal adenoma compared with participants 11 who were lean at age 5 and of small stature (OR 1.75, 95% CI 1.31-2.34, p-interaction: 12 0.08, Figure 2 ). Risk of distal adenoma was highest among women who had a body 13 shape ≥ 5 at age 5, and were overweight (OR 1.44, 95% CI 0.97-2.13) or obese (OR 14 1.40, 95% CI 0.97-2.02) as adults compared to those who were lean at age 5 and as 15 adults (p-interaction=0.09). 16 
17
The associations between height or body shape at age 5, 10 or 20 years and 18 colorectal adenoma were not significantly modified by birth weight, physical activity, or 19 age at menarche (data not shown). There was a slight suggestion of effect modification 20 by family history of CRC: positive associations between body shape at age 5 and 10 21 were restricted to women without a family history of CRC while not seen in women who In this large prospective study, higher body fatness at age 5 years was 3 significantly associated with increased risk of colorectal adenoma, independent of adult 4 body fatness. Body shape at age 10 years was non-significantly positively associated 5 with colorectal adenoma risk, while no association was observed for body shape at age 6 20 years. Higher adult height was associated with increased risk of colorectal adenoma. 7
The positive associations for body fatness at ages 5 and 10 years as well as adult height 8 were restricted to distal adenoma, and were not seen for proximal or rectal adenoma. 9
10
Childhood and adolescence are time periods characterized by major changes in 11 body composition and hormone levels. A positive association between obesity and 12 colorectal cancer or adenoma is widely assumed to be explainable by obesity-related 13 changes in hormonal pathways. Obesity is associated with higher circulating insulin 14 concentrations, which, in turn, lead to increased bioactivity of IGF-1 (29) . Both insulin 15 and IGF-1 act as tissue growth factors but also as hormones regulating energy 16 metabolism and can enhance tumor development by stimulating cell proliferation, and 17 by inhibiting apoptosis (30) . Childhood obesity may thus contribute to lifetime insulin 18 exposure, as obesity in pre-adolescent and adolescent girls is associated with higher 19 basal insulin levels (6) . 20 
21
The association between body fatness in early life and colorectal cancer later in 22 life has been addressed in several small epidemiological studies (8) (9) (10) (11) (12) (13) (14) (15) knowledge, our study is the first prospective analysis relating body fatness during 1 childhood and adolescence to the risk of colorectal adenoma, a precursor for colorectal 2 cancer (16) . The only study we are aware of that investigated obesity during childhood 3 in relation to later risk of colorectal cancer is a historical cohort study based on a survey 4 in pre-war Britain (1937) (1938) (1939) (10) . After 50 years of follow-up, participants in the 5 highest quartile of body fatness during childhood (mean age 8 years) had a non-6 significantly by 36% increased risk of colorectal cancer when compared to those in the 7 lowest quartile. Other studies have investigated the association between body fatness in 8 adolescents (age range 13-19 years) (8, 11, 13) or young adults attending college or 9 university (9, 12, 15) and colorectal cancer or colorectal cancer mortality later in life. 10
Three of these studies observed positive associations between higher BMI during 11 adolescence and colorectal cancer incidence (12) or death (11, 13) in men. Positive 12 associations between adolescent BMI and colon cancer mortality in both men and 13 women were observed in one study (8) and no association was observed in another study 14 (15) . Of note, most of the above mentioned studies (9) (10) (11) (12) 15) In the present study, the positive association between body fatness at age 5 and 1 10 years was restricted to distal adenomas, supporting the hypothesis that proximal 2 colon, distal colon and rectum represent three distinct anatomic subsites with possibly 3 different molecular pathways leading to neoplasia (32, 33) . Associations between adult 4 obesity and colorectal cancer have been stronger for colon than for rectal cancer (34, 5 35) , whereas no differences were observed by anatomic subsite in a recent meta-analysis 6 (7). With respect to colorectal adenomas, among the studies that specifically examined 7 anatomic subsites (25, 26, (36) (37) (38) (39) (40) (41) , three studies observed stronger positive associations 8 of adult BMI with distal than with proximal or rectal adenoma (26, 37, 41) . 9 10 The positive association between body shape at age 5 and 10 years observed in 11 the present study was not attenuated after adjustment for adult BMI, WHR or waist 12 circumference. Similarly, in the Harvard Growth Study, the positive association between 13 higher BMI during adolescence and colorectal cancer was not substantially altered after 14 adjustment for adult BMI (13) . 15 
16
We observed a positive association between adult attained height and colorectal 17 adenoma. This is in line with previously observed positive associations between adult 18 height and risk of colorectal cancer (1) and two studies on colorectal adenoma (26, 42) , 19 whereas two other studies on colorectal adenoma did not observe an association with 20 height (36, 37). IGF-1 levels during childhood and adolescence influence linear growth 21 (17) and positive associations between height and colorectal adenomas may be 22 explained by the cancer promoting effects of IGF-1 (29 
suggested that height is associated with the total number of cells in the body (43) or with 1 the length of the intestines (44) , thereby increasing the chance of malignant cell-2 transformation. In our study, higher height was associated with risk of distal but not 3 proximal or rectal adenoma. In contrast, in another study which examined adult height in 4 relation to adenoma subsites, positive associations were found for proximal and rectal, 5
but not distal adenoma. Further studies to elucidate the site-specific effects of adult 6 height on colorectal adenoma are warranted. 7 8 Strengths of our study include the ability to control for a variety of potential 9 confounders including BMI during adulthood and to specifically investigate adenomas 10 by anatomic subsite or histological stage. Our study also has several limitations. In 11 estimating body fatness during childhood and adolescence we relied on the participant's 12 memory and ability to correctly classify their body shape according to the 9-level figure  13 drawing, which also has the limitation of being age-neutral, i.e., the same figure drawing 14 was used for estimation of body shape at ages 5, 10, and 20 years. In two validation 15 studies using the same figure drawing, high correlations between childhood body shape 16 recalled among elderly and measured BMI during childhood were observed (23, 45) . 17 The accuracy of recall did not differ by adult BMI, but there is concern of systematic 18 underestimation, i.e., the tendency to underestimate body fatness at young ages 19 increased with increasing BMI at the recalled age (45) . However, in our study we were 20 able to detect a significant trend across all body fatness levels providing support for the 21 validity of body fatness estimation. we observed significant positive associations when comparing extreme categories of 1 body fatness, i.e. women who were most lean versus women who were overweight. 2
Another potential source of error in our study is that some women had more than 3 one endoscopy during the follow-up. However, this is not likely to be related to 4 childhood obesity and our observed positive associations between body fatness and 5 adenoma were slightly stronger when restricting the study population to women who had 6 only one endoscopy during follow-up. for controls: age at most recent endoscopy Models for pictogram at age 5 years or 10 years multivariate adjusted for age, family history of colorectal cancer, time period of endoscopy, number of reported endoscopies during the study period (one endoscopy vs. ≥2 endoscopies), reason for most recent endoscopy, height (continuous), packyears of smoking (0, 0-10,>10-20, >20-40,>40), current physical activity (quintiles), aspirin use (never, past, current 1 day/week, 2-3 days/week, 4-5 days/week, ≥6 days/week), current cumulative average alcohol intake (quintiles), current cumulative average dietary intake of red meat, processed meat, folate and calcium (quintiles) Models for height adjusted for all variables mentioned above excluding height, but including current cumulative updated average BMI (continuous) 
